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EXECUTIVE SUMMARY

This report summarizes the information obtained during the design, construction and
operation of a ground water monitoring well network. This report also describes the hydrogeology
of the Everglades Nutrient Removal (ENR) project and estimates the component of scepage
underneath the L-7 levee that flows through culverts, Twenty-five monitoring wells were installed
along the L-7 and perimeter levees to gather information of the local hydrogeology and to
measure ground water levels and water quality. Wells were completed to clevations ranging from
-77 1o 5.5 feet National Geodetic Vertical Datum (NGVD).

The Surficial Aquifer System underlying the ENR is approximately 200 feet thick and can
he subdivided into four (4) distinet units. A four to five foot layer of organic peat covers the cntire
ENR project site. The underlying sund is composed of fine to medium-grained silicates 1o an
approximate elevation of -5 1o -15 feet NGVD. These organic and sandy soils are scparated by a
calcareous mud in places (case hardened cap rock) which varies in thickness from one foot along
the western perimeter to six fect along the L-7 levee. Approximately 25 feet below land surface to
the base of the aquifer, at approximately -200 feet NGVD, 1s a unit consisting of poorly sorted and
inter-collated sandstone, shells, limestone, calcarcous clays, and silts.

Water levels were measured semi-monthly from December 5, 1994 to March 29, 1996 and
monthly from April 15, 1996 to December 16, 1996. Water levels varied approximately two feet
between the seasonal high and low. The average surface water stage difference between the
WCA-1 and ENR is approximately five feet.

Seepage flow into the ENR project site emerges to the surface along the toe of the L-7
levee between the inflow and outflow pump stations, and is subsequently collected by 21 culverts,
Flow through these culverts was measured semi-monthly from August 19, 1994 to March 3, 1996
and monthly from April 15, 1996 to December 18, 1996, The average of the sum of 47 seepage
measurements from 21 culverts was 7.44 cfs or 4.81 million gallons of water a day.

Although water quality data was collected, and the results tabulated for inclusion in the
appendices, a detailed interpretation and analysis of water quality data is not tncluded in this
report.
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INTRODUCTION

1.1 Background

Ground water moving into and out of the Everglades Nutrient Removal (ENR) project by
way of seepage is a significant hydrologic component controthng the ENR annual water budgets.
In order to assess the magnitude of seepage, a ground watcr monitoring well network was
required. To meet that requirement, a Technical Memorandum and Scope of Work (Rohrer, 1992)
was developed for the drilling of wells, testing of the aquifer properties and monitoring of water
levels. The monitoring network was designed to determine the vertical and horizontal movement
of ground water between Water Conservation Area 1 (WCA-1), the ENR project and the seepage
canal located on the perimeter of the site. Onece the monitoring wells were installed and the water
level data analyzed, twelve (12) steady-state, cross-sectional, two-dimensional models were
developed to evaluate the distrbution of secpage. Preliminary results of this modeling effort were
provided to south Florida Water Management District departments responsible for the operation
of the ENR project and to various District consultants and contractors.

1.2 Purpose and Methods

The purpose of this report is to summarize the information obtained during the design,
construction and operation of the monitoring well network, including: 1} the design and
specifications of the ground water monitoring wells, 2) a summary of the temporal ground water
levels collected during the study peried, 3) an evaluation of the hydrogeologic selting of the ENR
project, and 4) an evaluation of the distribution of seepage across the L-7 levee. [nformation from
this detailed study will assist in the design and construction of future Storm Treatment Areas
(5TAs) in South Florida.

During the installation of the monitoring wells, geologic data was collected and analyzed
to interpret the geclogic contro! on the distribution and movement of ground water. Ground water
levels were then collected semi-monthly, and seepage emerging at the surface and collected
through 21 culverts along the L-7 levee was measured. Water quality samples were collected on a
quarterly basis for use in interpreting the interaction between surface and ground water, and to
meel permit compliance reguirements,

1.3 Site Description

The ENR project is a 3,818-acre experimental wetland constructed for the purpose of
removing phosphorus and other nutrients from agricultural and urban runoff entering WCA-1
through the West Palm Beach Canal (C-51). The ENR project is the first demonstration-scale
wetland treatment system and is the prototype for Stormwater Treatment Area (STA) technology.
A total of six STAs arc being designed and built to treat stormwater runoff from the Everglades
Agricultural Area prior to discharge into the Everglades Protection Area. The experience gained
from the ENR project will assist in optimizing the design and operation of these future STAs.

The ENR project site is located adjacent to the northwestern comer of Arthur R. Marshall
Loxahatchee National Wildlifc Refuge WCA-1 (Figure 1). The ENR project (Figure 2) is
enclosed by an irregular 7.5-mile long perimeter levee on the notth and west sides, and
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approximately 3.1 miles of levee referred o as the L-7 that sepurates WCA 1 from the ENR
project, The enclosed area is subdivided by a2 system of intemal levees into o buller cell and lour
treatment cells, The buffer cell distributes inflow 1o two treatment cells (cells 1 and 2), which is
then dirccted 1o two other cells cutled polishing cetls (cells 3 and 4). An interior levee separates
cells Fand 3 from cells 2 and 4, and also serves as an clectric power transmission comidor for
Flonda Power and Light. Fuch cell is maintained at an optimal stage for plant growth. Water is
delivered 1o the LNR project in pulses according to a schedule intended to mimic the $-3A Pump
Stutton. Water s deawn into the ENR project from the West Palim Beach Canal {(C-51) throwsh
supply canal 1o the inflow pump station (G 250).

Land surlace is relatively (Tatin the ENR project with an average ground elevation ol 10
fect (NGVLDY). The average elevinion of the L-7 levee 15 22 Teet (NGVD)Y and the perimeter levee
is approximalely 10 feet (NGVI).

GEOLOGY

2.1 General Deseription of the Geology

The Surfictal Aguifer System underdying the ENR is reported 10 be nearly 200 feet thick
and consists of formations ranging in age from the upper Miocene (o the Pleistocene (Miller,
(988} The aquifer system is composed of sand, sandstone, silty marl and limestone assigned 1o
the Plestocene aged Fort Thompson formation, Anastasia formation, and the Pliocene and
Pleistocene Caloosuhatchee marl.

The gencral lithology ol the Surficial Aquifer System underlying the site can be
subdivided into four (1) distinet types. A Tour-to-live [oor thick Tuyer ol oreanic peat covers the
cntire ENR site, The underlying sund is composed ol fine 1o medium-grained silicates, which
extends to an approximile elevation of -5 10 -15 feet below NGV, Between the organic and
sandy soils is usually a layer of calcarcous mud, which i places is lithified to dense limestone
(cap rock), The thickness of this cap rock varies from one foot, near sites POS and PO6 located on
the western penimeler levee, to six feet long the 1.-7 levee, The lowermost unil extends from
approximately -30 NGV 1o the hase of the Surficial aquifer al approximately -200 fect NGV
and consists of poorly sorted and inter-colluted sandstones, shells, limestone, caleareous clays,
and silts.

2.1a L-7 Levee

The T.-7 levee is constructed of dredged malerial excavated rom o horrow canal located
adjacent to the levee, The dredeed material was placed on top of the existing peat layer and built
up to the present elevation. Figure 3 shows a hydrogeologic cross section along the length of the
[.-7 levee, Continuous cattings taken during the drilling of monitoring wells POL and P14 ( 76 and
-12 feet NGVD, respectiully) show a 2-Toot sund thick Tayer just below the cap rock between -5 to

7 feet NGVDL Gray himestone confaining moliusk shell and fine-grained phosphate extends
helow the cup rock to approximately =33 feet NGV This is underlain by tan 1o gray limestone
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with mter-bedded sand and shells. 1t is ieresting to nole that during drilling, between the cap
rock and the peat layer located approximately 20 feet below the wp ol the 1.-7 levee (5 feet
NGVD), a vord of approximately 6-8 inches thick was encountered, This void and the cap rock is
most likely a result of mld organic acids leached from the peat laver, dissolving the mestone al
the contact and redepositing the caloium carbonate between the peat and the limestone to Torm a
“eap roekTo T s wt this approximate depth tit seepage from WCA T o the ENR project s
obscrved,

2.1b Perimeter Levee

Unlike the 1-7 lTevee, pemt was removed from the Toundation belare the perimeter levee
wits construcied. In addition, the perimeter levee was constrieted with o core made from crushed
limestone that was packed before the levee was formed.

The core of the penmeter levee 1s consiructed of material excavated front the adjacent
scepage canad, which consisted of the consolidated Fort Thomyron and Anastasia formations. 'The
thickness of the levee core is generally 10-13 feet, Underlying the core wre medium-grained
silicates, poorly sorted sandstone, shell, limestone and catearcous clays amd silis. The ¢ore ol the
levee provides stability und increases the flow path of seepoge bencath the perimeter levee by
climinating, cxcessively high gradients, The increased Mow path reduces the amount of horizontal
seepage that may tlow through the levee. The embankment material 13 generally comprised of the
ormanic soils excavated near the site (Burns & MeDonnell, 1991,

2.2 Geophysical Logeing

Wells POL and POS, Jocated on the T-7 levee, were scophysically logoed by District staff
Lo verify depths and correlale the various aquiter units between the wells. The geophysical logs of
POT are juxtaposed on the stratigraphte seetion and shown in Figure 4. The geophysical Jogs most
Trequently used for evaluation and correlation of aquifer lithologic and fluid characteristics were:
Natural Gamma, Neutron Porosity, 16 1o 64 meh Normal Resistivity, and six foot latcrai, The
Natural Gamma fog is & tool used to detect naturad gamma radiohion given off by the tayvers of
sediment and rock present in the wall of a well. Geologie formations normally exhibit similar
signatures within a given arcu. The Neutron Porosity log shows variation in the hydrogen content
within the formation pare space, 1€ characteristically allenuates with mereased hydrogen conlent,
and, therefore, indicates the presence of water within the pore space, Plectric logs (16-064 inch, 6
foot Lateral and Spontancous Potential) detec changes in the compositton of the rock matnx and
formution {luid. In moemitoring well PO at approximately =34 feet NGV, the limestone
formution was divided into upper and lower zones based on Dhithologic characteristics from
samples tuken above and below this unit while drilling and the sienatures ol the logs,

g
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MONITORING WELIL CONSTRUCTION

The Tocations of all monitoring wells constructed [or this study ure shown in Figure 2,
Table 1 provides well construction speciticutions lor cuch ol the monitoring wells installed at the
ENR project. This wable ulso provides latitude and longitude, total depth and sereened interval
depths m feet NGV for cach well. Fach well sereen was packed with 6720 silica sand. All 2-inch
wells have one fool of bentonite clay between the silica sand and the portland cement that
completed the well to the surface, The S-inch wells have two feel of ¢luy overlying the silica sand.
Fach well was developed until the water was clear indicatig the suspended sediments were
removed. Figure 5 shows the typical construction of & monitor well in the ENR project.

LY 1.-7 Levee

The deeper wells, POE und POS (-77.25 and -76.03 fect NGVD deep, respectively), were
drilled wsing the mud rotary method {Appendix A, Figures A-1 and A-8). The mud used i
drilling wus an environmentally sale. water soluble mixture that breaks down in 24 hours, ‘This
it was tsed o mmimize the impact ol residuals not removed during well development and (o
prevent environmental damuge.

Monitoring well PIMA was drilled on the -7 levee 10 depth of -42.43 1. NGVD
(Appendix A, Figure A 12), This well monitors the deeper, more permeable aquifer below., This
deeper aquifer was encountered whiie diilling the 100-foot well, PLI4A was drilled by mud rotary
and screened from -0.43 feet to -40.43 feet NGV,

Wells PIOA, P12A, and PL3A, also located on the L-7 levee, were drilled using the auger
method and completed below the cap rock (Appendix A, Figures A-8, A-10, A-11). Monitoring
wells PIOL, P12B, and PI3R, also located on the 1.-7 levee, were completed above the cap rock
and were intended 1o intercept the near-surface water interaction hetween the ENR project and the
WCAT @approximately 10 feet bls). The objective of these well clusters was (0 compare the
vertical hydraulic gradient and the horizontal secpage cllects from the WCA-L Two 2-inch
diumeter wells, POSE und PI1TASD (Appendix A, Figures A 12 and A-9Y, were installed along
the L-7 levee and the Florida Power und Light Company (FPL) aceess road. Fach of these wells
wits construeted of threaded 2-inch diameter, schedule 40 PVO casing with 0.020-inch sloted
schedule 40 PVC sercen (Table 1)

3.2 Perimeter Levee

Six clusters ol two 2-inch diameter wells (PO2ZA through POTB) were constructed along
the centerline of the penmeter levee road. This penimeler levee road borders the ENR site on the
west and north. Ten- o twelve-foot deep wetls designated with the letter B (e, PO2B) were
completed into the levee's core material. These “core” wells were designed (o intersect the
potential Mlow paths exting the ENR project through the levee and o verify the bydraulic effects
ol the levee core (Appendix A Figures A-2 through A-7).

Wells designaled with the letier A were completed into the inier-bedded sand and
limestone formation heneath the cap rock layer, approximalely 15 17 feet NGVD, and were
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designed to intersect the deeper flow paths below the core in the levee. Each of these wells was
constructed of threaded 2-inch diameter, schedule 40 PVC casing with .020-inch slotted
schedule 40 PVC screen.

GROUND WATER HYDROLOGY

4.1 Ground Water Levels

Ground water levels were measured and recorded semi-monthly from December 5, 1994
to March 29, 1996 and monthly from April 15, 1996 to December 16, 1996. The water levels are
listed in tables in Appendix C. Also listed in this table are the head differences between water
levels measurcd in the 10-foot and 20-foot deep wells, and water level differences between the
stages in the ENR, WCA-1 and seepage canal. Ground water levels and stage elevations were
measured at the same time. Figures 6 and 7 are contour maps showing seasonal effects on water
table elevations below the cap rock for June 15, 1995 and October 10, 1995, During the seasonal
high (October), ground water levels were approximately two feet higher than they were during the
seasonal low along the L-7 levee. This correlated with an increase in stage in WCA-1. The effects
of WCA-1 water levels on the ENR decrease with distance from the L-7 levee along the FPL
power line access road near P11A&B. The contours also show that the general direction of ground
water flow is from east to west, primarily because of the higher stages maintained in WCA-1
relative to the ENR.

4.1a L-7 Levee

Monitoring wells, POLA&B, P10A&B, P12A&B, PI13A&B, P14A, and PO8B, located
along the L-7 levee, were designed to measure the effects of water levels in WCA-1 on seepage
into and out of the ENR project. Ground water levels in these wells were plotted along with stage
elevations in the WCA and ENR in Figures B-1, B-9, B-11, B-12, and B-13 in Appendix B. Wells
PO1A and P14B were completed to -77.05 feet and -42.43 feet NGVD, respectively. Water levels
measured in these wells are used to determine the interaction between two different flow zones
identified in the Surficial aquifer. Wells PO1A and PO1B were completed at this same depth and
were used to test the performance of the aquifer. These wells should have the same water level.
However, the historical trend shows that PO1B (2-inch observation well) shown in Appendix B,
Figure B-1 is approximately 0.26 feet higher than PO1A (test well). This is most likely due to
drilling mud that was not adequately flushed out and clogged the casing screen, thereby reducing
the pressure in the well.

Average annual water levels in the deeper wells are generally lower than water levels in
the shallower wells, suggesting that water in surface and shallow subsurface zones is recharging
deeper zones. Wells P13B, P12B, and P10B monitor water levels above the cap rock, and wells
13A, P12A, and P10A monitor water levels betow the cap rock (see Appendix B, Figures B-12,
B-11, and B-9). With the exception of wells PI2A&B, water level ditferences between these
particular wells indicate a hydraulic separation caused by the confining nature of the cap rock.
This may be becausc the wells do not adequately isolate the cap rock or because the cap rock at

11
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this tocation has o higher verticul hydraulic conductivity and is not as consolidated us itis at other
lacations in the ENR project.

4.1h Perimeter Levee

Wells POZA&EB, PO3A&E, PO4A&B. POSALRE, and POTA&B we located along the
permeter levee (see Appendix B, Fisures B-2, B-3, B-1, 13 35, B-7). Wells designuted with the
letter “B7 are 10-feet in depth and are compieled in the core ol the perimeter levee with a 2-loot
stotted sereen. These wells were designed (o observe how well the levee core material blocks
horizonlal seepage escaping from the ENR project into the seepaee canal. Those wells designuted
with the letter “A”™ we completed below the cap rock. Water levels measured in welis PO2A&I,
PORALER, POSA&B. and POOA&B (Appendix 13, igores B-2, 3-3, B 4, and B-3), we typically
higher in the shullow wells, indicating a predominantly downwad gradient along the western
boundary.

Figuwres B=1and B7 (Appendix 13} are hydrographs of wells PO2A&DB, und POTALB.
Fach hydrograph shows that the water Ievel i the deeper well is higher than that of the shaltower
well, suggesting that ground water 1s seeping upward. However, the difference in the water levels
1 most tikely due o the head difference between surface water stage in the ENR project, the
water level i the seepage canal. and the confining nature of the levee core that reduces pore
pressure which suppresses waler levels in the shullower wells,

Wells POZA&R, POAA&B. and POTALB arc localed adjacent to a distribution canal
(Appendix A, Tigures A-2, A 4 und A-7) that was dredged o assist Tlow in the distribution of
surface waler m the ENR. Monthly ground water levels were plotted along with stage elevations
i the ENR and WCA and are provided in Appendix 13, Vigures B-2, B-4 and 137,

It s interesting (o note that water levels tended o decrease in wells PO2B, PO, and
POOL (all completed in the levee core) during the scasonal high water level (October). These
water levels, plotted in Figures B-2, B-3. and B-6 {Appendix B), exhibited dramatic fluctuations
mdependent of the influence of stages in the ENR project and the seepage canal. This may be duc
to the seepage canal being shared with the adjucent property owner who is regulating water levels
o optimize furm operations as well as the surfuce waler management practices of 1he ENR
project,

4.1¢ Permeability, Slug and Aguifer Performance Test Methods and Dala

Table 2 lists the wells and imtervals cored and wested along with their camresponding (otal
depth of screened interval and method of drilling. Fighteen split spoon core sumples were
selectively collected during the drilling of 25 monitoring wells. These samples were analyzed by
Ardamin & Associutes” lub o determine permeabilities, The permeability tests were conducted
on cores Laken from cither the desiznated-screened inlerval or from a zone that was uniquely
different from other sites based on the cuttings. The methods used to determine permeabibily are
described as the constant head (CLI} and falling head/rising tail (FHRT) methods, which were
performed in accordance with ASTM D-3084. Lach sample was placed in a latex membrane and
mounted inatriaxial-type perimeler. Bach sample was then confined under an average isolropic
effective consohidution siress of four pounds per square inch, and permeated with de-aired water



Table 2.

Depth of Cored and Tested Intervals of Monitoring Wells Requested in the Statement

of Work.
NUmber Wi (ft bis) - Intervals {ft) od i
PO1A -7 Lavea(notth) 100 na core required 80-100 mud rotary
PCI1B L-7 Lavee{north) 83 no core required 80-100 mud rotary
POZA 358+00 21.4 16-18 19-21.3 auger/core
20-22
PO2B 358+00 11.34 6-8 8-11 core
8-10
11-14
PO3A 286+00 22.8 18-20 20-22_36 auger
FO3B 286+00 10.45 no corg faduired B-10 auger
PO4A 217+00 2e.4 18-20 20-22 auger/cgre
PO4B 217+00 8.45 8-10 8-10 core
POSA 151400 27.9 14-18 26-28 auger/corg
POSB 151+00 12.22 12-14 10-12 core
POGA 88475 20.8 no core required 19-21 augar
POGB 8B+75 10.41 no cora requirad 7.510 ager
PO7A 30+00 26.5 24-26 24-26 gugar/core
PO7B 30+00 1214 10-12 8-12 core
POBA L-7 Levae(south) 100 ng core required 80-100 rmud rotary
PO3B L-7 Lewvaa(south) 96.9 ne core required 80-100 mud rotary
POSA L-7 Levee(middle) 15 015 5-15 core
P10A L-7 Levee 21.3 8-10 18-21 auget/cors
10-12
13-15
P10B L-7 Leves 15.5 6-8 13-15 core
P11A FPL Easement 26.3 18-20 24-26
24-26
P11B FPL Easement 9.25 B-10 8-10 core
P12A L-7 Levee 23.9 21.5-23.5 21.6-23.5 augsr/core
P128 L-7 Levae 18.2 16-18 16-18 core
P13A L-7 Levee 27.5 25-27 23-27 augeticore
F13B L-7 Levee 19.92 Q-10 17.5-18.5 core
F14A L-7 Lavee 63 22-60 22-60 core
P14B L-7 Levee 62 22-60 22-80 mud rotary
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under 4 back pressure of o minimum 95 fcel per square inch, using average applied hydraulic
heads across the sample ranging from 18 to 11.81 inches of water (Ardaman, 1993), satistactory
saturalion of some of the samples prior to permeation was verified by a B-fuctor greater than 95%.,

Slug lests were also performed on each of the 10 and 20-foot wells, the results of which
are provided in Appendix . The slug test procedures followed those outlined by H. Bouwer and
R.C. Rice, 1976, Wiler level measurements were recorded with o HERMIT 5122000 Data Logpger.
Table 3 tists the wells tested and resubts ol the slug tests and the laboratory permeability tests,

Table 3. Results ol the Slug and Laboratory Permeability Tests,

Wall Depth of Interval | Depth To Water | Hydraulic Conductivity  |Hydraulic Conductivity of Cores
‘Number Tested in Fect Obtained from Slug Tests Obtained from Labs Tosts
{ft his) (static) ‘ {ft/day) ‘ (f/day)
Fo2A 193-21.3 .21 ‘ 201604
POZB | 834-11.34 XA 0.0416 B T
16-18 h ‘ 0.0179
20 . 08 o 700709
1034 20.36 - 22.36 744 149.7600
1033 | T 8.45- 1045 Y 1036800
PO4A 20.36 - 22 35 £.56 I 17.2800
PO4B /.45 - 845 6.61 . 0.2380 _
B a-9 e - 00025
10-11 o "0.0002
- 20-21.6 o 7 (,7428
POSA P5.68 - 07.68 6.93 T 79.2000
P0SB 10.22. 1277 6.81 | 20160 B
12-14 . | . 00077
14- 16 T 0.0011
18- 20 o ' 01247
PR - 28 ‘ ‘ 0.0224
POGA 18.7- 20.7 7.41 5.6°10
PO&G 8.41-10.41 599 23040
BO7A 24.48 - 26,48 5.20 47,5200
ILE 10.14 - 1214 TR39 0.2160 |
1012 0.0184
24 .08 ‘ 0.1304 -
P10A 19,12 - 21.12 5.37 R 3/.4400
P10B 135-155 5 51 26920 ]
7 19-21 o o 0.0619
PT1A 24.75 - 26,25 252 358560
PI1B /.25 - 9.06 245 00488 | ]
a6 ' i 0.0031 ’
2173 0.0765 —
PlzA 286 - 23,86 76D 38,4180
P12 16.2-16.2 781 04791
- 16-18 N 0.0007
715.535 o 0.1180
P13A 2545 - 2745 7.70 14.6880
P1as_ [ 17.92- 12.92 7.68 0.283/
AL . T 0.0001
27 o TTT0.0340
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Aquifer performance tests (APT) were conducted by pumping the two deep 8-inch diameter wells
(POIB and P14B) located on the L-7 levée. Ardaman & Associates also conducted these tests
under contract by the District. The results of the APT are summarized in Table 4. Field data and
slug test plots were performed by Ardaman & Associates, and are provided in Appendix D,
Figures D-1, D-2, D-3, and D-4.

Table 4. Results of Aquifer Performance Test Analyscs (from Ardaman & Assoc. 1994).

Theis Method
Sceened i
et | e | St T Ty | sy [ oo
: (Ft. NGVD) (Ft.5/min) 88 :
PO18 100.25 0 E5 0 44.82 00094 -70.25
P14B 62.37 A 10.3 00011 -41.20
" I
Cooper-Jacob Method
Sceened -
Well Number Tma(L?)epth interval Tm(ﬁz}:mlw ?f.iﬁ?.’é‘égi’ (Ft?:llgr\}m
' (Ft. NGVD) :
PO1B 100.25 g 44.89 00094 70.25
P14B 62.37 DA 9.375 00015 -41.20

There is some uncertainty with how these values were analyzed and should be used with
caution. Duplication of analyses with the field data did not replicate the sume result that was
reported. The pump used while testing POIA and P14B did not drawdown the water level
adequately in the zone where these wells were completed. The zone of influence from pumping
the well responded as a constant recharge boundary from the WCA-1. This happens when water
from WCA-1 is replacing water pumped from the test well. As a result, the influence of
drawdown measured in the monitoring well 100 feet away was only 0.2 feet.

DIRECT SEEPAGE MEASUREMENTS

5.1 Methodology

Seepage flow into the ENR project emerges at the surface along the toe of the L-7 levee,
between the inflow and outflow pump stations, Tt is subsequently collected in 21 culverts.
Discharge flow from the culverts were measured every two weeks from August 19, 1994 to April
4, 1996 and monthly from May 15, 1996 to December 18, 1996 (Figure 8). Ground water Jevels
were also measured during this time period. This was done to assist in interpreting the relationship
between ground water and surface water elevations and to assist in the interpretation of ground
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water flow m the ENR project. Monthly measurements are shll collected as required in the
operational permit tor the ENR project and reporied in the Anpual ENR Monitoring Report.
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Figure 8. Mensured Seepage from 21 Culverts Tocated on the 1.7 Levec,

To quantily the volume of secpage, three different methods were examined o determine
the most reliable one for the wide range of flows, These methods include: 1) volumetric flow
measurcment, 2) clectromagnetic flow measurcment, and 3) the Moat-Mow measurement method.
After extensive comparisons, the float flow measurement method was chosen because it provided
the most consistent method for measuring the large variable flows. This technigue consists of
releasing a float at the mlet of the culvert and measuning the time (1) for the float to reach the
autlet of the culvert, denoting 1. as the length of the culvert, The form of the equation used (o
calculate flow velocity (Vi at the culvert s expressed as:

V=1/T (1)

The wetted, cross-secttonal wren was determined for cach culvert and multiplied by the
velocity o oblain discharge. A correction factor, K, was defined (o relate the surface velocity to
the mean velocity.

Table 5 hsts discharge measurements caleulated for cach culvert, with o corresponding
total of the 21 culverts. Discharge coleulated from the culvert ranges [rom a low ol .41 cubic feel
per second (efs) or 00,20 million gallons per diy (mgd) on Apeil 19, 1995 w0 a high of 27.7 ¢fs on
Septetuber 19, 1995 or 1789 med, "The average sum of 47 instanluancous seepage mensurements
from 21 culverts was 7.44 (¢fs).
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i
4

e
: i : AT
08/19/94 3.8500 0.0958
08/30/94 4.0800 0.0878
05/19/94 4.1300 0.0878
10/05/94 50700 0.2019
10/18/94 4 8700 0.1893
11/02/94 §.4400 0.3870
11/21/04 6.2600 1.2B53
12/01/04 5.0400 0.2786
12/16/94 49500 0.6758
12/29/94 5.4300 0.3870
01/31/95 5, 1300 04736
Q&/16/95 5.53000 04478
03/02/95 5.4300 0.70a7
03/20/95 4.9000 01319
O3/ 29/35 44200 0.3328
Ddi19/85 3.8300 0.1781
/2895 4.0400 Q.2776
05/16/95 4.1200 0.2586
06/02/95 4.1800 0.1450
Q6/15/95 4.4100 0.2209
06/30/95 3.8800 0.2095
07/14/85 4. 3600 0.3003
07/31/95 4,7300 07573
0B8/17/95 4 2300 0.5026
08/31/95 5 a4l 1.6897
08/20/95 K.3700 1 4540
05/28/95 4 BBOD 0.8551
10/19/95 5.9400 1.8934
10/31/95 5. 7000 1,4487
11/15/95 48800 1.0346
11/30/95 4. BB00 0.4899
12/18/85 4.68300 0.5728
04/ 16/96 4. 5900 {,5153
01/31/88 4 3800 0.6809
02/15/88 5.1300 0.4544
03/04/98 4,5800 0.3345
(3716596 3.9700 {).5340
Q329096 4.3400 0.37056
Q4/15/86 3.2800 0.0977
05/15/96 4.0200 0.0BG0
08/14/96 51100 04148
07/16/96 3.5600 01008
08/15/96 3.9900 01270
DeM16/96 46400 00,2353
10/16/96 50000 0.4700
11/15/96 4.7600 0.4100
12/18/86 4.3400 0.1300
A 885421
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Table 5,

Discharge Measurements Culculated tor Bach Culvert (Continued).

" Head Culwirt Gulvert Cubert - Cuben Cubvart Culverl -
Date Difierence 7 N g 10 PRRE 12
, WCA-ENR  @el) . (cf) (cls) (cs) (cfs) fefs)
8/ 19794 1.9500 1R 0 0853 0.1766 01738 01505 0 1481
G088 4.0800 00848 0B 00310 00827 01651 o
9/ 1aae 41300 01342 gnns 0.7 01149 01561 0. 1860
T 04370 0 a0 16330 0.342% 0.9140 .
1610704 1LE700 adeEs | 0.3870 1.4060 UG DorEl
10204 5 4400 0.4m7 0.5713 18171 0.9724 0.6235
Hirtie | eweon | 05aza 0.6264 Dy 1 2680 00660
19701794 L0400 | D455 0,324 TGk 03814 0.6674 0,585
G | 4 a0 0 8009 o aot3 a3 | Losed o wnen 0.5756
12/20/04 5.4300 0. 76 14700 0.3570 12850 O.a Y
0174178 5 1300 0.3415 Ry 0.5431 0.0703 0.2419
e | s 5000 0.5175 GRS 0 U945 0 5046 0.0975 0.2664
OHOGE | hauon 0.5713 G219 008 e 11238
oA £ 9000 0,584 03054 02419 Chosaa 0.1537
0320/95 4.4200 03414 orots | o.0080 G.3700 01077
04/19/95 a0 | 00474 0.0000 0.0000 0 000 puono |
04/22/55 40400 p oy wa 0.0000 a 0060 I T
(/16795 4100 0.0703 A L0000 0o “pooco | o.oooo
060205 21400 00870 £.0000 0.0000 L onon omza | ooooo
06/15/05 4,100 111538 00000 0.0000 0,00 PR R TY " TS
00/30/95 3.2800 4 K00 0 0000 0.0000 £,0000 £.0406) conon
0/014/85 4 3600 0.1727 umm o o2 0.0847 0.0a57
g7iates 4.7300 0.5360 1 1508 01706 0.0724 Q1416 0.2047
705 1.2300 0.6 s U167 01597 0.5180 01393 00723
08/31/95 5.6400 Lipis | 04z90 0.437 16504 0.5 0 /944
00/20/95 5.3700 Liws | ooasa 0.2971 17184 0.4144 HERE
09/20/95 1.6800 Ganes | 0oEon 0.2233 10652 0.3 A1
10/19/95 5.9400 AV e 0.9241 29863 Q6724 LGms
| v 5.7000 09666 (. 4R0n 05181 19167 0.5223 0.5083
4 0.9097 0.3017 1 P9 | 2a70 0.2634 0.3194
0.9666 02560 pows | 1 e 0.2007 0.6630
12/18095 0.5005 0.2800 0.2639 1 e 04145 0.5407
011698 | aswan | 08000 02410 0.14R3 T e 0.4434
01431 /98 a4 3500 0.9185 02258 oawss | 1oe21 | 0.2764 0.7733
021508 | 5 isa0 05024 D.1754 O0EE | oaus 01038 7.3047
03/04/96 19800 05005 01357 0.0305 BA17 o1 00750
03/15/56 3.9700 0 ke 0.2008 0.0351 0.6039 0. 1851 0 e
0256 4.3400 bhaal | 01da 0.0541 04147 0.0658 0 Tes
04/15/96 3.2000 0.1449 GO0O0 | 0.0000 0.0000 0.0064 nonon
0s/15/98 4.0200 4418 aoson | 0.0000 £.0940 0.0269 £.0000
' ‘um;eg 51100 0.6754 0214 0 1608 0 B026 0.1783 0.3297
ot | 36600 0.2858 G 0804 00546 01311 0.0306 0.0514
OHl1596 %,0900 D242 come | ooesr 0.1657 0.04G9 0.0000
o/ 1 45400 0.6800 DORIA | owan 0.4934 0.1238 0.2403
RV 5.0000 £.9500 02100 0 5200 0.8600 0.2000 . ABO0
e 4 7600 £.8700 03000 opron | 08000 0.2700 0.4000
Wil | 43400 0.5800 01900 0 1 2400 0.0600 0.1000
Simm 25,8128 10.0013 16,2045 24, 7HE) 11.9335 16.5125
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Table 5. Discharge Measurementg Calculated for Each Culvert (Continued).

08/15/04 3. 9500

08/30/94 4.0800
0919/94 4.130Q
10/05/84 50700
10/18/94 4.8700
11/02/94 5.4400
1/21/84 6.2600
12/01/84 5.0400
12/16/34 4.8500
12/29/84 5.4300
01/31/85 5.1300
02/16/95 5.3000
03/02/95 5, 4300

Q03/20/93 4,5000
Q3/29/95 4,4200

Q4/19/95 23,8300
Q4/26/95 4,0400
Q5/16/96 4.1200

Q6/02/96 4,1800
6/ 16/95 4,4100

QRANE5 3.8800
07/14/95 4.3600
O7/31/85 4.7300
08/17/85 4.2300
0B/31/95 56400
0% 20/95 5.3700
Q092995 4,8800
10/19/95 59400
10/31/95 5.7000
11/15/95 4,8800
11/30/95 4,8600
12/18/96 4,630
01/16/86 4.5800
01/31/86 4.3800
02/15/88 5.1300
03/04/96 4.8800
0315/98 3.9700
03/25/96 4.3400
04/15/88 3.2800
05/15/98 4.0200
06/14/98 5.1100
07/16/96 3.5600
08/15/06 3.9200
09/ 16/86 4.6400
10/16/96 5.0000
11/15/96 4.7800

12/18/96 4.3400

e




Table 5. Discharge Measurements Calculated for Each Calvert (Continued),

Mead ¢ .
Dater * Differance Cubert | ) Cul'...r;:r‘i o Llihert
WCA-ENR 19 w0 21
B QB_{‘ﬁ}.”t‘J-1 ;‘!“‘453[‘)(‘5 T ”(5 OO0 O 000 00000
DB»’S(‘JI“.‘M‘ o G000 O OBER {30000 20000
(5 19194 & 110 O ANGH 0.0000 [l
104894 8700 0 7EI0 O 543900 0 Q000
10718494 4 1700 O.0135 D : w0
1A 94 5 4400 07245
11 e [yl 04335
1222001194 50400 02645 T T
_12/ G/a4 A58 (YA N _-\"l Ha350

_1 14 B VRS 1AMT 17
D”d 1780 ‘ f:“ | Y 1] 4dEF (577 103604
LI e &S00 11 3ms 0 GEas 06149
” RTSRRE T 54700 07300 0.a8c2 D'|"FJ-,’:
SR THa T R 4 5000 [ 5h46G ﬂ?ﬂf‘?‘ DEE
DA 4 4700 02oT1 | 03183
D319/05 3asce | ooooe | oowes
/28795 .-‘1:‘0 i REN:] [J\JUUU [ERS B
__0551"3."95 4 li;(')(.ﬁ - W) 00445 0G0
I QG 4 18 114y 1 Qi3 i3.0000
l Ui‘ﬂ:fl.‘:u.”[-.lh 4 4100 B W 1054 0,000
Uﬁf:i‘é}f’:}h BRI 1 1644 [LRUSIRR] 0.0032
Ufﬂ' 14435 4 B0 1700 0.1694 0.0000
SRRV 4 7300 05419 0.9744 oo
i1 7195 42300 05451 0.4831
Ony /95 50400 15405 | 22003
N9/20/95 '-:'3700 T 1 5242 1.001 ﬂ’ .
N9/79/05 46300 | 05575 0.8469
10/19/05 59400 | 13me 21
103195 ¢ /000 11 1 0 706
1/15/95 18800 | 0603 .50 L i
11/30/05 48600 |0 7ave 12 i i
o _12;" YEAON A H300 [98-T4-1 -] B ‘UWH."['SH o7
____9 ]I lb!“.l‘:‘i ‘ A4 B () HHH8 1) HOSD 0177
01731/498 “&TC*H(") (4841 1 HTGY GO707
L2 1B/ ML 1406 2R 00000
040496 4 8o G170 02011 C 0000
A/ 15/ 3 et 5176 (1 4f33 0000 )
PR IET 4 13400 DRI 024706 C 0000
e/ 3.2900 cosed | oodse ¢ 0000
0515406 1,020 0,300 | awoou | cooun
061416 51100 T T £ 167
OTAE0G BE000 | 0084 | 0.0/ £ 00
081510 zoaoo | oo [ wn G auou
00A16/06 4,640 5 8003 vawn |0
101605 | 50000 1400 LAy | cran
DABIE | 47600 | T | 050 £ 00
12418/08 453400 [SISTHH ‘“[) a0t G 3000
Sum shonsy | pupsiz B.UIS
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A linear regression model (Figure 9) was developed to predict the component of secpage
underncath the L-7 levee that flows through culverts using the difference between water levels
from WCA-1 and the ENR project, and discharge measured from the culverts. In order to provide
this relationship, waler levels were collected at the same time seepage discharge was measured
from the culverts. All seepage measurements (47) were used to calculate an R2 = 0.696. The
minimum and maximum head differences ranged from 3.29 L. to 6.26 ft. The equation: - Head
(ft.) = 4.05 + 0.0846 x Q (cfs) suggests head differences of less than 4.05 feet will not emerge as
direct seepage. It was observed that measured head differences as low as 3.83 feet produced
discharge measurcments of 0.41 cfs, indicating other variables, along with stage differences
between the WCA-1 and ENR project control seepage. The regression curve (Figure 9) illustrates
the wide variability between total discharge from 21 culveris and head differences between the
WCA-1 and the ENR project for the operational period of record. The variation between data
points for head difference and the specific measured discharge rates may be the result of
measurement ermor.

7.0000

. /

0000

¥ # 0.0846x « 4.0512 i + Jereal
R = 0.696 | merLinanr
. ! (Seriagl)

Sltage Difference botwesn WCA and ENR (Feet)

40000 04— . emm—

3.0000

Q g 10 15 20 25 30
Muasured Discharge in Cubic Faet per Second

Figure 9.  Regression of Stage vs. Seepage Discharge from August 1994 to December
1996,
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Guardo (1998) performed additional analysis for estimating scepage underncath the L-7
tevee. His amalysis is reported 10 accurately estimale seepage flow mto (the ENR project as a
function of mean daly stages (feet) in the WCA-1 and the ENR project. Using 42 seepuge
measurements reported n this report from August 19, 1994 1o July 16, 1996, an exponential

cquation was developed with a r'= (0932,

surficial SUEP = 0.1446 (St weaoy - LSO Se wea s St e 2 77002)

Where;
surficial SEEP = surhicial seepage into the ENR Project from WCA-T (cfs)
S wieeany = miean datly stage in WOA-T (1 NGVID)

Stg oy — mean daily stage in the ENR Projeet (1. NGV

WATER QUALITY

Ground waler was sampled gquarterly from thirteen (13) wells from December 7, 1994 (o
December 4, 1997 "The majority of these wells are completed below the cap rock und are 20 [ee
in depth. In addition, the 60-foot deep well (PT4R) and the 100 foot deep well (POLR) were also
sampled to compare the geochemisity of the water in the deeper flow zones, ‘The shatlower wells
located on the pertmeter levee {10 teet) did not yield enough water to comply with the Quality
Assurance Plan for the ENR Water Quality Monitoring Program. ‘Twenty-scven parameters were
analyzed, A summary lor cuch parameter 15 provided 1 Appendix E. Detailed interpretation of
the water guahity analysis is not discussed in this report. Ilowever, the water quality parameters, in
gencral, bave shown [ittle 1o no signmilicant vanation durning the sampling period for the same well,
some temporal dilferences were ohserved between wet and dry scasons;, but, in general, the
gronmid waler guality i3 within the range that has been reported in county-wide studies (Miller,
[988).

Preliminary geochemical pattern analyscs performed dicates the water 18 a caleium-
carbonate type typical of fresh recharge water (Frazee, 1982). 'This analysis can be uscful in
determining sources of water and in refining estimates of seepage fluxes. Waler in the 60 and 100-
foot deep wells has higher specilic conductivity, ealcium, and hardness concentrations than the
20-foot wells, indicating a lomger residence time,



CONCLUSIONS

The design and installation of the ground water monitoring well network for the ENR
project has provided valuable data for the interpretation of the hydrogeologic setting and
hydraulic characteristics that influence subsurface seepage. The general lithology underlying the
ENR project indicates the 200-foot thick surficial aquifer can be subdivided into four units. A
calcareous mud that is case hardened in most places (cap rock) separates the peat layer from sand,
sandstone, limestone and shell units of the Fort Thompson and Anastasia formations. The cap
rock also acts as a semi-confining unit, which impedes upward-hydraulic flow from deeper zones.
It also impedes seepage flow between the Water Conservation Arca 1 (WCA-1) and the ENR
project. The thickness of the cap rock varies from one foot on the western perimeter to six feet
along the L-7 levee.

Five ground water monitoring wells, located along the L-7 levee, ranging from a depth of
-77 feet to 5.61 feet NGVD were constructed to intercept seepage tlowing from WCA-1 into the
ENR project and to identify zones of higher permeability. A pump test performed on the lower
permeable zone in the surficial aquifer at —77 feet NGVD resulted in a transmissivity of 44.89 ft.%/
min. Transmissivity of 9.37 ft%min was calculated in the upper zone of the surficial aquifer (-
42.43 feet NGVD). Surface water levels in the WCA-1 and the ENR project indicate an average
head difference of 4.68 feet.

Wells located on the perimeter levee were constructed in the core of the lcvee and below
the semi-confining cap rock (approximatcly 20 feet bls). Water lcvels, collected below the cap
rock, indicate a downward gradient with the exception of monitoring wells PO4 and P07, which
show slight upward movement of seepage from deeper zones. Slug tests were also performed on
each well; the results are provided in Appendix D. Water levels from the ENR project and the
seepage canal ranged from -2.52 feet NGVD for PO7 to 5.79 feet NGVD in well P06.

The component of sccpage underneath the L-7 levee, which is collected by the 21 culverts
located along the toe of the 5.2-mile long L-7 levee, was measurcd every two weeks between
August 19, 1994 to April 4, 1996 and monthly from May 15, 1996 to December 18, 1996.
Discharge ranged from 0.41 to 27.70 cfs or 0.26 mgd and 17.89 mgd. The average of the sum of
47 instantaneous seepage measurements from 21 culverts was 7.44 cfs.

Ground water quality has shown little to no significant variation during the sampling
period for the same well. Some differences have been observed between season’s changes; but, in
general, the concentration of ground water parameters is in the range that has been reported in
County-wide studies. Ground water quality in deeper flow paths indicates a longer ground water
residence time bascd on parameters such as hardness, specific conductivity and calcium.

2
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RECOMMENDATIONS

Continue water level and water quabity data collection (o quantify the components of the INR
project water budget, particularly the seepage component thit will heip determine the nutrient
budget and thus the elficiency of the project.

Deveiop a three-dimenstonal model (o Marther refine the estimates ol seepage and o evaluate
the mieractive impacts from surface waler and the decper permeable low zones using the data
available m ths report, ‘The model should bave the capabifity to estimale the verticat and
horizontal seepage thut aflects the water budget, 'This model should also provide an evaluation
of the controlling hydraulic conditions on other variables. This information ¢an be used by
water managers o minimtze the impact of seepage in the desien and construction of future
STAs

Publish the results of 12 cross-section maodels that were developed during the course of this

study 1o decument the water budget and estimates of subsurface seepage mto and out ol the
LNR project throush the -7 and pernimeter levees.
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APPENDIX B: Surface Water and Ground Water Level Graphs
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APPENDIX C: Tabulated Surface Water and Ground Water Levels
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Table C-1, Tabulated Surface Water and Groead Warer Levels.
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Table C-1. Tabulated Surface Water and Ground Water Levels,
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Table C-1. Tabalated Surface Warer and Ground Whater Le
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APPENDIX D: Aquifer Performance and Slug Test Analyses
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SE2000
Environmental Logger
10/26/98 1513

Unith TESTOHPP Tout

Setups;
Type
Maode
p]

Rolarenco
SaG

Linearity
Scale factor
Offzet

Delay MSEC

Slep 010025

Elapsed Time
0
0.0083
0.016G6
0.0250
0.0333
0.0416
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0.0583
(.0666
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£.0833
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0.2416
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(.2583
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0.5070
0.4820
0. 4890
0.4440
0.4120
0.4060
0, 3920
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0.9166
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0.095
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0.006
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SE2000
Envirenmental Logger
10/28/98 16:45

Unit# TESTOHPP Test

Refaronco
5G

Linearity
Soale factar
offse

Delay MSEC

Step 0 10/28
Elapsed Time

0.0000
0.0083
0.0166
0.0250
0.0333
0.0416
0.0500
(0.0583
(0.0866
0.0750
0.0833
0.0916
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(0.1333
01416
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&
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0
1
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10.106
0.005
50
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INFUT 1
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0.661
0.661
0.658
0.661
0.658
0.661
0.661
0.661
0.658
0.661
0.661
0.661
0.661
0.658
0.661
0.661
0.661
0.658
0.658
0.608
0.661

2.600
2.800
3.000
3.200

3400

3.600
3.800
4.000
4.200
4.400
4.500
4.800
5.000
5,200
5.400
5.600
5.800
6.000
6.200
G.400
£.600
5.800
7.000
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0.364
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0.281
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. lEmnrqnmental Logger
10/26!98 15 25

. Units TESTOHPP Test 7

Mode

B o
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8G

‘ :lLIl"IEElI'Ity S

Scale facmr
OffSEl

Delay MSEC f
Step010/25
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ENRPO4B

INPUT?
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0.4000 = 0.
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Setups:

Roloroncoe
534G

Linearity
Seale factor
oifsot

Dolay MSEC

Step 0 10/24

SEZ000
Environmental Logger
10/26/98 15:30

Unit# TESTOHPP Tost 10

INPUT 1
Lenazl (F)
TOC
ENRPOSA
0
1
0.0495
20.056
0.002

50

15:24:01
Elapsed Time INPUT 1

0.0000 2107
0.0083 2107
0.0166 2,095
0.0260 2107
0.0333 2101
0.0416 2104
0.0500 2.1
0.05853 2.088
0.0666 2.095
0.0750 2.0495
0.0833 2088
0.0916 2088
0.1000 2.078
0.1083 2.076
0.1166 2.078
01250 2.076
0.1333 2.069
0.1416 2.063
0.1500 2.083
0.1583 2.060
0. 1666 2.050
0.1750 2.044
0.1833 2.044
0.1916 2,038
0.2000 2.03
(0.2083 2.031
0.2166 2 025
0.2250) 2025
0.2333 2.019
0.2416 2.012
(0.2500 2.006

0.2583 2.006

0.2666
0.2750
0.2833
0.2916
0.3000

0.3083

0.3166
0.3250
0.3333
0.3500
0.3666
0.3833
£.4000
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0.4500
0. 4666
0.4833
0.8000
0.5166
0.5333
0.5500
0.5666
0,5833
0.6000
0.5166
0.6333
0.6500
0.6666
{.6833
£.7000
07165
0.7333
0. 7500
0.7666
0.7833
0.8000
0.8166
0.8333
0.8500
0.8666
0.8853
0.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1.2000
1.4000
1.6000
1.8000
2.0000
2.2000
24000

1.994
1.987
1.987
.a87
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1.968

1
1

1

1.861
1.955
1.950
1.942
1.930
1.917
1.804
1.892
1.879
1.866
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1.841
1828
1.808
1.803
1.784
1.785
1.757
1.733
1.720
1.701
1.688
1.676
1.663
1.650
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1.612
1.593
1.555
1.536
1.511
1.448
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1.460
1
1
1
1
1
1
1
1
1

1441

A28
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314
1.130
0.971
0.831
0.704
0.580
0.501
0.419
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3.6000
3.8000
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5.8000
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RINCY S
0.273
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0,114
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SE2000
En\n'ronmentgl _nggq{m o

N 10/3?8!%8‘1640
Unitt TESTOHPP Test 4~

Setups:  INPUTT "

Type  Lewl )
0. ENRPOSB

Reference 0
L S
Linearity 0.036

Scale facte 10,106
Offset ~ 0.005 .
DelayMge =~ Ts0 T T T 0500070028

Step010.  11:57:49

. ElapsedTime INPUT1 ~ 0.5666 0.
o003 0670 06166
00166 0.




Type
Mode
1.0

Reference
SG

[ inearity
Soale factor
Offset

Delay MSEC

Slop 0 10/28

SE2000

Envrenrmental Logger
10/28/98 16:36

Uniti TES TOHPP Tosl 2

INFUT 1

Level (F)

TOC

ENRFPOGA

0

1
0.036
10,106
0.005

11:27:28

Elapsed Time
0.0000
(0.0083
0.0166
0.0250
0.0333
0.0416
0.0500
0.0683
(0. 0666
(.06750
0.0833
0.0916
0.1000
Q.1083
0.1166
0.1250
(0.1333
0.1416
0,1500
0.1583
0.1666
0.1750

10.1833
0.1916
0.2000
0.2083
0.2168
0.2250
0.2333
0.2418
{.2500
0.2583

INFUT ¢

3.108
3.0499
3.086
3.054
3.000

2.936

2872
2817
2.753
2.686
2.673

2629

2.581
2.565

2 558

2.514
2,485
2.466
2.456
2.443
2.437
2437
2.430
2.421
2414
2.408
2.405
2,398
2.395
2.389
2.386

0.2666
0.2750
0.2833

0.2916

0.3000
0.3083
0.3166
0.3250
0.3333
0.3500
0,3666
0.3833
0.4000
0.4166
0.4333
0.4500
(1. 4666
0.4833
0,5000
0.5166
0.5333
0.5500
0.5666
0.5833
0.6000
0.6166
0.6333
0.6500
0.6666
0.6833
0, 7000
0.7166

0.7333

0.7500
0.7666
0.7833

0.8000

0.8166
0.8333
0.8500
0. 8666
.8833
0.9000
0.9166
0.9333
0.9500
0.9666

0.9833

1.0000
1.2000
1.4000
1.6000
1.8000
2.0000
2.2000
2.4000

2.379
2476
2.370
2.367
2.360
2.354
23571
2441
2535
239
2.009
2083
2.274
2061
2.HE5
PR

D00

Pl it}

<3
.

213

2.104

w3

[2

e

A

159

(139
2127

2111

1
1
1
1
1
1
1

—4 4 1 s e 4 4 b e k1 -4 ok 4 —1 —a —k —L

—

1

980
a7
BOB
584
863
855
842
730
e
708
698
68D
679
673
663
551
538
500
A16
503
480
477
465
(455
442
282
033

0.585
0.377
0.284
0.230
0.185

2.6000
2.8000
3.0000
3.2000



SE2000 e 02666 315,
__ Envronmental Logger

10/28/98 16:38 | 0.2833  3.075
7 Unit/ TESTOHPP Test 3

Setups:  INPUTT
Type o Lewl(F)
Moge TOC

Reference 0

5G 1
Linearty ~ 0.03
Scalefactor  10.106
Offset 0.005

Delay MSEC 50

Step010/28 113910

" Elapsed Tme  INPUT1 05500  2.053
Lo :0.5553 .2.'005
00000 5146 05833  1.954
0.0083 5.069 08000  1.903
oplee 4986 06166  1.855
00250 4906
010333 o 4.82_:‘3_”” . 0.850C
- 0.0418 4736 0.6666
00883 4576
0.0666 . 4.509 _
00750 4438 0.7
0.1000 4,221 '
3.933 )

3869 ‘

8757
3.696  0.516¢
3545
3.403. ‘

3363
3.218

3278

. 3.235

3183




Setups;

Type '
Mode
ITD. .

Reference
5G

Linearity
Scalo factor
offaet

Delay M5EC

Step 0 10426

SEZ2000

Environmental Logger
10/26/98 15:46
Unit# TESTOHPP Test 18

INFUT 1
Lewval (F)
TOC
ENRPO7A
0
1
(1085
20,064
0.607
RO
131637

Elapsed Time
0.0000
0.0083
0.0168
0N.0250
0.0333
0.0418
0.0500
0.0583
0.0666
0.0750
N.0833
D.0MaG
0.1000
0.1083
0. 1166
0.1250
0.1333
0.1418
0.1500
0.1583
01666
0.1750
0.1833
0.1916
0.2000
(0.2083
0.21G66
0.2250
0.2333
0.2416
0.2500
(.2583

INFPLUTH

0.936
1.003
0.998
0.996
0.996
1.003
(0.956
0.995
0.49495
0.4995
0.990
0.984
(.950
0.4984

0,984

0.984
(0.977
a.9v7
0.4965
0.965
0.958
0.952
0.945
0.4934
0.939
0.4933
0.920
0.920
0.907
0.4907
0,901
0.895

(.2666
0.2750
0.7833
L2016

' 0.3000

0.3083
0.3166
0.3250
0.3333
0.3500
0.3666
(0.3833
0.4000
0.4166
0.4333
0.4500
0.4664
0.4833
0.5000
0.5166
0.5333
0.5500
0.5666
N0.5333
0.6000
0.6166
0.6333
0.6500
0.6666
0.6833
0.700G
0.7166
0.7333
0.7500
0.7666
0.7833
. 8000
0.8166
0.8333
0.8500
(. 8666
0.8833
0.9000
0.9166
0.9333
0.2500
0.9666
(0.9833
1.0000
1.2000
1.4006
1.6000
1.8000
2,0000
2.2000
2.4000

(.655

0.661

0.608
0.658

0.661

0.558
0,655
0.658
0.658
0.655
0).658
0.658
(658
0.655
0.655
0.655
0.555
0.848
0.855
0.655
0,655
0.652
0.652
0.652
0.652
0.652
0.652
0.652
0.649

0.649

0.852
0.649

0.649

0.649
0.649
0.645
(}.G649
0.645
0.645
0.645
0.645
0.645
0.645
0.642
0.639
(.42
(.642
0.642
(.642
0.636
0.629
(.626
0.620
0.620
0.613
0.804

(.2666
0.2750
0.2833
0.2216
0.3000
0.3083
0.3166
0.3250
0.3233
(.3500
(2. 3666
0.3833
0.4000
0.4154
0.4333

04500

0.4666
04833
0.5000
2.5166
(0.5333
0.5500
0.5868
0.5833
0.6000
06166
0.5333
0.6500
0.6666
0.6833
0.7166
0.7 166

0.7333

0.0750
0.7668
0.7833
0.8000
0.8166
0.8333
0.8500
0. 9666
0.8833
0.9000
0.941656
0.6333
0.9500
9.6660
0.9833
1.0000
1.2000
1.4000
1.0:000)
1.8000
2.0000
2.2000
2.4000

0.882
0.676

0.869

0.857
0.857
0.850
0,844
0.838
0.825
0.819
(. 806
0.793
Q. 780
G.774
0, 74t
0.749
0.736
0.723
0,717
0,741
0.704
0,692
0.685
0,672
0,666
0.6G66
0.6680
0,653
0,653
0.641
0.634
(1.634
0.628
0.622
0.622
0.615
0.615
0.615
0.815
0.609
0.609
0.604
0.603
0.603
0.556
0.603
0.603
0.596
0.590
0.584
0.584
0.590
0.584
(.590
0,560
0.580

£.6000
2.8000
3.0000
3.2000

2.4000

3.6000
38000
40000
4.2000
44000
4.6000
4.8000
5.0000
5.2000
5.4000
5.6000
5.8000
5.0000
5.2000
51000
£.6000
5.8000

0.590
0.590
0.584
0.590
0.590
0.590
0.584
0.584

0.590

0.590
(.590

0,590

0.590
0.590
0.584
0.580
0.520
0.584
0.5490
0.540
.580
0.580



3 B L B i R TS
‘ ) 10/26/98 15:46 ey v 0.2916
U "Unit® TESTOHPP Test 18 0.3000 . el
CRIESTORER TSI Cade  oess o .a0¢
INPUTY 03166
Mode ~TOC ~  0.3500
LD.  ENRPO7A . - 0.3666
: ' 0.3833
oo 04186
Linearity 0,095 " 04333
‘Scale facte 20.056 0.4500
offset 0002 7 0.4666
Delay MSE 50 T 0.4833
| LT 0000
o 1eesr T -1
0.5333
 Elapsed Time  INPUT1  0.5500  0.652 |
...0.oo00 0996 0.5833
0.0083 1.003  0.6000
001668 0996  0.61686
00025 - 0.896  0.6333
0.0333 0.6500
06666
07000 0652 ~ 0.716€
0.7500
0.7666
0.7833
.og166 0645 . 08166 0615
0.8333  0.645 0.8 )
- 0.8666
0.8000  0.845 ~ 0.900

3.2000 059‘

48000 0.59
5.0006 " 0.59
52000  0.59
54000 058
56000 0,59
5.8000  0.59
6.0000  0.58
G.2000 0.59
16,4000 0.59
16.6000  0.59
6.8000 ~ 0.59




crnvronmental Logger
10/28/98 16:32

Uniti TESTOHPP Test o

Setups: INPUT 1
Type Level (F)
Mo TOC

1. ENBFPO/E
Reference 0
sSG 1
Linearity 0.036
Scale tactor 10,106
Crffset 0.000
Nelay MSCC a0

Steop O 10/28 1058024

(.0000
(.0083
0.M6E
(L0200
(.0333
0.0416
0.0500
(.0583
(0.0668
0.0750
0.0833
(.0916
0.1000
0.1083
1165
(L1250
01333
0.1416
0.1500
0.1583
0.1666
0.1750
0.1833
0.191G
0.2000
0.2083
0.2166
0.2250
0.2333
0.2416G
0.2500
0.2583

Elap=ed Time INPUT 1

0.382
0,369
(0.347
(0.318

0.286

0.247
0.208
0.183
0.167
0154
01821

0.147
0.141

0125
0.102
0.080
0.061

0.044
0.035
0.022
-0.003
-0.051
-0.083
-0.086
-0.057
-0.035
0.019
0,016
-0.019

0. 2666
0.2750
0.2833
0.2916

1 (0.3000

0.2083
0.3166
0.3250

1 0.3333

(.3500
(1.36606
0.3843
0.4000

0.4166

0.4333
0.4500
0.46606
0.4833
0.5000
(0.5166
0.5333
(.5500
0.5666
0.5833
0.6000
0.6166

(0.6333

.6500
{66486
{1.6833

(.7000

0.7166
0.7333
(0.7500
0.7666
0.7833
0.8000
(1.8166
0.8333
(.8500
0.8666
0.8833
0.9000
0.9166
0.9333
(1.9500
0.96656
0.9833
1.0000
1,2000
1.4000

-0.028
-0.044
-0,048
-0.048
-0.044
0.038
-0.032
-0.032
-0.032
-0.038
-0.041
0.038
0.035
-0.035
-0.038
-0.041
.038
-0.038
0,038
-0,032
-0.038
-0.038
-0.038
-0.038
0.038

(.038
-0.038
0.038
0,038
0,038
0,038
0.041
-0.038
-0.038
-0.038
0,041
-0.038
0.038
0.038
0,038
0,038
0,038
-0.038
-0.038
0,041
-0.038
0.038
0.038
0.038
0.038
0,038



s T Gy ek
Envronmental Logger
10/26/98 15144 e

2966 @ 3.2000 0139
2958 34000 0114
2.940 3.6000 0.

2928 38000 0.
2,921 4.0000

 Units TESTOHPP Test 17703083

0.3250

T e 00,3333 2,809 42000 0.069
Type  Lewl(F) 03500 ~ 2889 44000  0.063
Mode TOC - 4,6000 0.063

Scale factor oo 20056 T
ofset 0.002
DelayMSEC 8O . 05000 2.6
‘Stepo10/26 125385

 ElapsedTime  INPUT1 05500 2

0,025 AN
0.0333 313 .
- 0.0866 3124 '

00750 " T sdar
0.1083 3.124

Jodtes © 0 sis

04280 3118 €

0.1416 3.099

(04750 - 8080 | 09500 - 1.943

0.2000

02250 3029  1.600

0.2333 - 3.023 1.800 ‘




Tyaee
Moie
[.D.

Reference
5G

Linearity
SI‘Z;'-HI'.‘ faacitor
Oits ot

Delay MSEC
Sten 010/26

SE2000
Emronmental Laggor
10/26/98 15:42
Unitd TESTOHPP Test 16
INFUT 1

ENRP10OR

0
1
(3.095
20,058
G002
=0
12:44:34

Elapsed lime

0.0000
0.0083
0.0166
(.0250
¢.0333
0418
(.0500
{.0583
(.0666
(0.0750
0.0833
0.0916
0.1000
(.1083
0.1166
0.1250
00,1333
.1416
(0.1500
(.1583
{.1666
0.1750
0.1833
¢.1916
(.2000
(L2083
0.2166
0.2250
0.2333
0.2416
0.2500
0.2583

INPLUT 1

0.858
0.820
0./63
0.705
0.661
0.616
0.585
0.527
0.489

0.457

(0.426
0.394
0.362
0.3537
0.311
0.286
0.267
0.247
0.222
0.209
0.190
0.171
0.165
0.152
0.139
0.127

0.120

0.108
0.501
(0.08%
0.076
0.076

0.2666
0.2750
0.2833
0.2916
0.3000

- 0.3083

0.3166
0.3250
0.33323
0.3500
(0.3666
(1.3833
(14000
0.4166
0.4333
0.4500
0.4666
0.4833

0.5000 -

J.B166
0.5353
0.5500
0.5665
0.6000
0.6166
0.6333
0.6500
0.6666
(.6833
0.7000
0.7168
0.7333
0.7500
0.7666
0.7833
0.8000
0.8166
0.8333
0.8500
(). BGHA
0.8833
0.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1.2000
1.4000
1.6000
1.8000
2.0000
2.2000
2.4000

0.069
(0.063
0.057
0.057
0.044

0,044

0.044
N.038
0.031
0.025
0.075
0.019
.019
a.012
0.006
0.2
0.012
0.012
0.006
(0.000
(0.000
0.000
0.000
0.000
0.000
-0.006
0.000
-.008
0,000
0.000
(0.000
0.000
-0.006
0.000
0.000
-0.006
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.006
0.000
-0.006
0.000
0.000
-0.008
-0.006
(0.000
0.000
0.000



(Emronmental Logger 02833  6.186
Awzsigsteda T
“Unit/ TESTOHPP Test 9 03083 ~ 6113

INPUTY

Lewsl (F)
ENRPITA

Reference 0
Linearity 0.038
Scale factor ~ 10.106
offset C 0005

Step010/28  13:28:50

" Elapsed Tme ~ INPUT1 03666  6.023
|- ——————— 0.5833 &6.017
000007 T 6353 06000  6.017

6.353 06166 6.017

6.353  0.6333  6.011

6353 06500  6.014

6.353 06866 6.014

6349 08833  6.011
6.353 D.?O.D.D A.011 -

6353 0.7166  6.007




Setups:

1D

Refarence
5G

Linearity
Scale factor
QMo

Dedlay MSFC

Step 0 10/26G

SE2000
Emdronmental Logger
10/26/98 15:33

Unit# TESTOHPP lest
INPLUT 1

Lowel (F)

ENRP11B

0
1
(0.095
20.066
Q.002
50
10:41;32
Elagsed Time
Q.0000
0.0083
0.0166
0.0250
0.0333
0.0116
0.N500
0.0583
0.0666
(0.0750
0.0833
0.0916
0.1000
0.1083
0.1166
0.1280
0.1333
D.1418
0.1500
0.1583
D.1668
0.1750
0.1833
01916
0.2000
0.2083
D.2166
0.2250
0.2333
0.2416
0.2500
0.2583

11

INPUT 1
0,235
0,203
0,152
0.108
0.070
0.044
0.025
0.019
0.012
0.006
0.006
0.006
0.006
0.006
0.006
0.006
0.000
0.006
0.006
0.000
0.006
0.006
0.000
0.006
0.006
0.006
0.000
0.006
0.006
0.006
0.006
0.006

0.2666
0.2750
0.2833
0.2916
03000
0.3083
0.3166
0.3250
0.3333
0.3500
0.3666
0.3833
0.4000
0.4166
0,4333
0.4500
0.4666
0.4833
0.5000
051656
0,532
0.5500
0.5666
0.5823
0.5000
0.6165
0.6333
0.6500
0.6666
0.6833

10,7000

0.7166
0.7333
0.7500
0.7666
0.7833
0.8000
0.8166
0.8333

0.8500

0.8666
0.8833
0.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1-.2000
1.4000
1.6000

0.006
0.006
0.006
0.000
0.000
0.006
0.006
0.000
0.000
0.006
0.000
0.000
0.006
0.006
0.006
0.006
0.006
0.000
0.006
0.000
0.000
0.000
0.000
0.006
0.000
0.000
0.000
0.000
0.000
0.006
0.006
0.000
0.006
0.006
0.000
0.006
0.000
0.006
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.006
0.000
0.000
0.006
3.000

-0.101



Setups:

Type

Mode

L

Reference

5G

Linearty

Scale factor
Offset

Dslay MSEC.

Slep 01026

SE2000
'Emvirenmental Logger

10/26/98 15:38

L LA

0
0.095
20056

50

. ElapsedTme

00000
0.0083 .
5980 0
2973

5.980

00166
. 0.0250
0.0333

00418 T
00300 - -
0.0583

0.0666

L 00780
o083

ENRP124

Jteeo

f.‘ INPUT 1

5.973
5.980

5.980

0.5500
05666 5¢
0,563

- 0.6000 5.

5.980

5980 07500 5.922
5.980 |

5986 07833 5916

..5880 0

. 28000  4.837
3.0000 4711
..3.4000
3.6000
3.8000
40000 4146
. 42000
- 44000
LA4.B000 - 3.847
.4.8000
..5.0000
5.2000
54000

5.6000
5.8B000

- 6.0000

' 6.2000

64000
8.6000

6.8000

7.0000

7.2000
7.4000
7.6000

- 78000

5980 07000 5929




Setups;
Ty
Made
Lo,

Reteronee
5G

Linearity
Scale factor
Offaet

Delay MSEC

Step O 10/26

SEZ000

Ensironmaental Logger

10/26/98 1541

Unit# TESTOHPE Tast

INFUT 1

Lavel (F)
TOC

ENRP121E

0
1
(0.095

201056

0.002
20

12:76:10

Elapsed Time

0.0000
0.0083
0.01648
0.0250
(1.0333
0.0416
0.0500
0.05863
0.0666
3.0750
0.0833
0.0916
£.1000
0.1083
0.1166
0.1250
0.1333
0.1416
0.1500
0.1583
0.1666
01750
0.1833
0.1916
0.2000
(3.2083
0.2166
0,2250
0.2333
0.2416
0.2500
0.2583

1

INPUT 1
0.775
0.724
0.667
1,622
{.578
0.533
0,495
0,457
0.425
0.394
0.367
0.330
0.317
0.786
0.260
0.241
0.222
0.209
0.197
0.171
0.158
0.152
0.146
0.427
0.114
0.114
0.101
0.005
0.089
0.076
0.089
0,089

0.2666
0.2750
0.2833
(0.2016
0.3000
0.3083
0.3166
0.3250
0.3333
().35010]
0. 30666
0.3833
0.44000
0.4166
0.4333
04500
(0. 4666
{.4R833
{.5000
{12166
0.0333
{3.5500
0.56606
0.5833
0.6000
0.6G1660
0.6333
0.6500

0.6656

0.6833
0.7000
0.7166
0.7333
0.7500
0.7666
(.7833
0.8000
0.8166
0.8333
0.8500
0.8666
0.8833
(0.9000
0.9166
0.9333
0.9500
0.9666

0.9833

1.0000
1.2000
1.4400
1.6000
1.8000
2.0000
2.2000
2.4000

0.063
0.063
0.057
0.050
(.050
0.044
0.038
0.033
0.038
0.038
0.031
0.025
0.025
0.025
0.019
0,014
0.019
0.019
(014
0.019
0.019
0.019
4019
0012
n.01%
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.006
0.006
0.019
0.006
0.012
0.012
0.012
0.012
0.012
0.012
0.012
0.006
0.006
0.012
0.012
0.006
0.006
0.006
0.006
0.006



. Unit¢ TESTOHPP Test 1 03083

Setups:
'Type
Mnde

LD

E\Heference o

$G |
.Lmeanty

offset

Delay MSEC

Step 0 10/25

~ Environmental Logger o ozess
To/28re8 15:11 7 02816

CNPUTE T

. ENRP13A

T

0.095
20,056
0.002

- 11:33:08

 Elapsed Time  INPUT1
[ 10,5833
08000
0.6166
“Oeam 41

S 0.0000 4309

05500

0.5666

4315

4309
4.309
4315
4.315
4309

“.“4 309
4.315

4.309

- 4.308
- 4309
- 4.309
4.309
4,309
4308
- 4.315
4315

4.815
4.309

- 4.315

4.315

' 4.315

4,309

4.309

_4.308
4,309

4296

e

4.296
4.296

4296

4296

4290
4.290

4.280

4,296
4290
4.284

4284

4277

4217

4282
4,220

4214
4.214
4.195

- 4125
S 40%0



Sutups:

Reference
5G

Lirwsarity
Scaln lactor
offzet

Delay MSEC

Stap 0 10/28

SE2000
Environmental Logger
1(/28/98 16:53

Unit,f TESTOHPF Test 12

INPLIT
Lol (F)
TOC
ENRP13B
O
1
.036
10,106
{.005
50
14:47:01
Clapsed Time INPUT 1
0.0000 3.449
0.0083 3073
0.0166 2062
0.0250 2,714
(.0333 2.688
0.0416 2.585
0.0500 2 441
0.0583 2,306
0.0666 2.056
0.0750 1.808
0.0833 1.587
0.0916 1,391
0.1000 1.214
0.1083 1.060
0.1166 0.918
0.1250 0.790
0.1333 0.674
0.1416 (0.578
0.1500 0.485
0.1583 0.414
0.1666 0.340
0.1750 0.273
0.1833 0.234
0.1916 0,199
0.2000 0.173
0.2083 0.154
0.2166 0.138
(.2250 0128
0.2333 0.112
0.2416 0.10%
0.2500 0.0499
0.2583 0.093

0.2666
0.2750
0.2833
02916
0.3000
0.3083
0.3166
{33250
0.3333
0.3500
0.3666
0.3833
0.4000
0.4166
0.4333
(3, 4500
0.41666
0.4833
0. 5000
0.5166
0.5333
0.5500
0. 5668
0.5833
0.6000
0.6166
0.6333
0.6500
{06666
0.6833
0.7000
(.7166
00,7333
0.7500
0.7666
0.7833
0.8000
0.8166
0.8333
0.8500
0.8666
0.8833
£.9000
0.9166
0.9333
0.9500
0.9666
0.9833
1.0000
1.2000
1.4000
1.8000
1.8000
2.0000
2.2000
2.4000
2.6000

0.086
{1.083
0.077
0.073
0.073
0.070
0.0G7
0.064
1.064
0.061
0.054
0.051
0.051
0.048
0.044
0.044
0.044
0.044

- (.04

0.041
0.041

0.038
0.038
(.038
0.038
0.035
0.032
0.035
0.032
0.035
0.032
0.028
0.032
0.028
0.028
0.028
0.028
0.028
0.028
0.028
0.025
0.025
0.025
0.025
0.025
0.022
0.022
0.022
0.022
0.019
0.016
0.012
0.009
0.009
0.009
0.006
0.006
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